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CF cell line IB3−1 presented with increased GSTT1 and GSTM1 mRNA and
protein expression levels in comparison with the isogenic non-CF cell line C38.
AZM exposure signiﬁcantly decreased GSTT1 and GSTM1 mRNA and protein
expression in IB3−1, restoring the levels observed in C38 cells. In another CF cell
line, 2CFSMEo-, AZM produced 45% reductions in GSTT1 and GSTM1 mRNA
levels. The macrolide JM, known to lack clinical anti-inﬂammatory properties,
had no signiﬁcant effects on GSTT1 and GSTM1 mRNA expression in all cell
lines. GSTP1 was not differentially expressed in all CF and non-CF cells and its
expression was unaffected by AZM. AZM reduced GST activity of about 25% and
40% in IB3−1 and 2CFSMEo− cells, respectively.
Finally, GSTs activity and the expression of GSTT1 and GSTM1 proteins in
CF cells, were reduced by interleukin 10 (IL-10), an anti-inﬂammatory cytokine,
approximately to the same level detected after treatment with AZM, shedding light
on a possible correlation between GSTs inhibition and anti-inﬂammatory properties
of AZM.
Downregulation of GSTT1 and GSTM1 expression may result in increased avail-
ability of intracellular GSH making CF cells less susceptible to oxidative stress
induced by chronic inﬂammation. Thus these results suggest novel anti-oxidant
properties for AZM.
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Lung disease in cystic ﬁbrosis (CF) is characterized by excessive inﬂammation
and infection by several pathogens. The most relevant bacterium in CF is the
Pseudomonas (P.) aeruginosa that is able to colonize the CF airways by means
of its adaptation to the microaerobic environment.
Little is known about the changes in protein secretion induced by oxygen limitation
in PAO1, the proto-typical P. aeruginosa laboratory strain, and no data are available
on P. aeruginosa clinical strains, like AA2, used in this study. Our work was aimed
to study the differential regulation of proteins secreted by Pa strains grown in
microaerobic or aerobic conditions.
The set of polypeptides released by P. aeruginosa strains grown in microaerobic or
aerobic conditions were analyzed by two-dimensional capillary chromatography–
tandem mass spectrometry (MudPIT). We identiﬁed 75 polypeptides released by
PAO1 and 198 by AA2 strains grown in aerobic conditions. When the same strains
were cultured in microaerobic conditions we could identify 6 proteins up-regulated
and none down-regulated in PAO1 strain, while 4 proteins that were down-regulated
and 7 proteins up-regulated in AA2 strain. Among the peptides identiﬁed we found a
strong down modulation of alkaline metalloprotease peptides under microaerophilic
conditions by AA2 strain. The data were conﬁrmed by proteolytic activity assay
of the supernatants demonstrating that conditioned medium derived from AA2
grown in aerobic conditions has a much higher activity than the one obtained by
microaerophilic culture. Furthermore activity in PAO1-derived samples was barely
detectable and no such regulation was observed, indicating the functional relevance
of the data obtained by MudPIT analysis.
The identiﬁcation of virulence factors might be facilitated by this combined
approach that appears to be capable to restrict the number of potential candidates and
facilitate the identiﬁcation of molecular targets for pharmacological intervention.
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Cellular therapy of lung disease may be the resolutive cure for cystic ﬁbrosis (CF).
We investigated the effect of epithelial damage caused by Pseudomonas aeruginosa,
pathogenic bacterium widely occurring in CF patients, on the engraftment of bone
marrow (BM)-derived cells in pulmonary epithelium. Upon intratracheal injection
of total BM obtained from transgenic GFP-positive mice into P. aeruginosa-infected
mice, GFP-positive cells were found in the recepient lungs but their numbers were
very small. Only when bone marrow cells were puriﬁed by means of negative
immunoselection to obtain a cell suspension enriched in stem/progenitor cells
(20%, as evaluated by Sca1 expression), signiﬁcant numbers of GFP-positive
cells were detected in the lung epithelium. The fractions of GFP-positive cells
expressing cytokeratin were 0.34−0.76 %. To understand the cellular constraints
limiting homing of HSCs to the lung, we studied their energetic status and CFTR
expression. Confocal microscopy showed the high level of heterogeneity of the
mitochondrial content of these cells. To obtain a more homogeneously phenotypic
population, whole bone marrow was processed by through anti-Sca-1 positive
selection, which resulted in 80−90% HSCs. Cytoﬂuorimetric analysis revealed that
there were two different cell populations as regard to their size. Moreover, the
intracellular content of mitochondria was not homogeneously distributed in the Sca-
1+ cell population displaying a clear inverse correlation of their density with the
expression of the Sca-1 marker. Positively selected HSCs expressed CFTR protein,
as judged by epiﬂuorescence. Chloride secretion measurements at the single-cell
level and in the entire population demonstrated the presence of a functional
CFTR channel.
HSCs, due to their CFTR expression, could be useful in the treatment of CF by
means of bone marrow transplantation. It has ﬁrst to be seen which behaviour the
HSC sub-populations with different mitochondrial content displays in the homing
to the lung.
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Burkholderia cenocepacia is an important opportunistic pathogen among cystic
ﬁbrosis (CF) patients. The severity of infection has been related to a wide range
of potential virulence determinants and to the ability of B. cenocepacia bacteria to
invade respiratory epithelial cells and cause sepsis. Infection by these bacteria usu-
ally occurs in patients who are already colonized by Pseudomonas aeruginosa, the
major pathogen in CF. In order to understand the pathophysiology of B. cenocepacia
respiratory infections in CF, it is important to explore the interactions between the
different pathogens that may have synergic effects on their virulence. In the present
work, we aimed to determine whether P. aeruginosa PAO1 synergistically enhances
the growth rate and internalization of B. cenocepacia LMG16656T into human
epithelial cells. Results obtained from mixed cultures revealed no signiﬁcative
change in the B. cenocepacia growth rate, as compared to mono-culture data; on
the contrary, a signiﬁcant decrease of P. aeruginosa growth was observed. In a
co-infection assay, by using the pulmonary epithelial cell line A549, we found
a higher level of invasion by B. cenocepacia in the presence of P. aeruginosa as
compared to B. cenocepacia alone. Altogether, the results obtained strongly indicate
that pathogenic potential of B. cenocepacia may be enhanced by the co-presence
of P. aeruginosa that positively affects its internalization into human respiratory
epithelial cells, as well as by the growth inhibition of other pathogens, like
P. aeruginosa. Thus, the co-presence of two or more bacterial species in the lung of
CF patients may have a profound effect on the bacterial growth and internalization.
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Cystic ﬁbrosis (CF) lung disease is characterized by dehydration, followed by bac-
terial colonization, bronchiectasis and ultimately death. Assuming that reduction of
Na+ absorption could help to restore airway hydration, we planned to downregulate
